Abstract: Modified activated Syringodium Isoetifolium leaves nano carbon (ASI-NC) has been applied for removal of the malachite green dye from aqueous environments. The effect of pH, contact time, initial concentration and amount of adsorbent were considered. In order to investigate the mechanism of the adsorption process, several kinetic models including pseudo-first order, pseudo-second order and intra-particle diffusion were used. In addition, equilibrium data was fitted with Langmuir, Freundlich, Temkin, Dubinin-Radushkevich, Hurkins-Jura, Halsay, RadlichPeterson, Jovanovic and BET isotherm models. Results showed that the adsorption of the malachite green was enhanced with increasing initial dye concentration, pH and contact time. The optimum pH was 9. The q max for adsorption of malachite green dye from the Langmuir model was 15.87 mg/g. considering the values of R 2 (0.999) and χ 2 , Freundlich isotherm model and pseudo-second order kinetic model had the best fitness. This study has demonstrated that the modified activated Syringodium Isoetifolium leaves nano carbon (ASI-NC) with H 2 SO 4 can be employed as effective and inexpensive adsorbent for the removal of malachite green from aqueous environments.
Introduction
Industrial wastewater is considered as one of the major pollutants of the environment 1 . Moreover, textile industries are among each country's basic industries and have coloured wastewater due to making use of coloured materials 2 . Overall, coloured wastewater is produced by various industries, such as textile, dyeing, pharmaceutical, food, cosmetics and healthcare, paper and leather industries. Such colors not only change the water's colour, which is important regarding aesthetics, but they also prevent light from penetrating through water, disturb photosynthesis and destroy the aquatic ecosystem as well as several aquatic species 3 . One of the high consuming materials in the dye industry is malachite green (MG) which is used for cotton and silk painting
Objectives
Due to several advantages of the Syringodium Isoetifolium Leaves and its accessibility in India, the aim of the present work was to investigate its effectiveness for the removal of MG at various experimental conditions. Since initial activated Syringodium Isoetifolium leaves has some impurity, shows low sorption capacity and is negatively charged, the acidic treated activated Syringodium Isoetifolium leaves was used in this work. Therefore, the purpose for acidic treatment of activated Syringodium Isoetifolium leaves was to improve the positive surface charge of adsorbent and its sorption capacity since initial activated Syringodium Isoetifolium leaves shows low sorption capacity. The present study aims to use modified activated Syringodium Isoetifolium leaves nano carbon for removing MG dye from aqueous solutions.
Experimental
Stock solution was prepared by dissolving the required amount of MG in double distilled water. The test solutions were prepared by diluting stock solution to the desired concentrations. The concentration of the MG was determined at 620 nm. The pH measurements were done using Digital pH meter (Equip-Tronics EQ 614A, India) and adsorption studies were carried out on UV-Vis Double Beam spectrophotometer (Systronics 2203, India). All chemicals include NaOH, HCl and MG was of highest available purity (Merck).
Preparation of adsorbent
Syringodium Isoetifolium leaves were collected from East Coastal area of Nagapattinam district and washed several times by de-ionized water in order to remove the primary impurities. The shell was placed in Con. H 2 SO 4 (w/v) for 24 hours for carbonization and increasing the adsorbent's porosity. The prepared sample was washed several times by deionized water, grounded well to fine powder and sieved by a mesh. Finally, this was activated around 1200 0 C in muffle furnace for 12 hours. The fine micro-porous size of 40 nm activated nano carbon was utilized as the adsorbent. The photograph of Syringodium Isoetifolium leaves is shown in Figure 1 . 
Adsorption study
To study the effect of important parameters like pH, contact time and initial dye concentration on the adsorptive removal of MG, batch experiments were conducted. For each experimental run, 50 mL of different concentrations of the dye solution (25-125 mg/L) was agitated with 0.025 g of the adsorbent at 120 rpm until the equilibrium was achieved. Samples were withdrawn at different time intervals (15, 30, 45 and 60 minutes) and kinetics, isotherm and other parameters of adsorption was determined by analyzing the remaining dye concentration from aqueous solution. In order to evaluate the effect of the initial pH on MG adsorption, the equilibrium study was conducted at different pH levels 3, 4, 5, 6, 7, 8 and 9 and other equilibrium studies were continued at the optimum pH 6.5. The pH of the solutions was adjusted by adding 0.01 N aqueous solutions of NaOH and HCl. The percentage removal of dye was calculated using the following equation:
%MG removal = (C 0 -C t ) / C 0 × 100 (1) Where, C 0 (mg/L) and C t (mg/L) are the initial dye concentration and dye concentration at time t, respectively. When the system reached the equilibrium concentration, the equilibrium adsorption capacity was calculated through the following equation: q e = v (C 0 -C e )/w (2) In this equation, q e (mg/g) represents the rate of the adsorbed dye per mass unit of the absorbent, C 0 (mg/L) and C e (mg/L) are initial and equilibrium dye concentrations, respectively and v(L) and w(g) are the volume of the dye solution and the weight of the adsorbent, respectively.
Results and Discussion
The effect of pH on the removal efficiency Solution pH affects both aqueous chemistry and surface binding sites of the adsorbents. The effect of initial pH on adsorption of MG was studied from pH 3 to 9 at initial MG dye concentration of 25 mg/L, adsorbent dosage of 0.025 g and contact time of 60 min. Two possible mechanisms of adsorption of MG dye on the ASI-NC adsorbent may be considered include: (a) electrostatic interaction between the adsorbent and the MG molecule, (b) a chemical reaction between the MG and the adsorbent. When pH increases, the concentration of OH¯ ions in the desired solution is increased, as well. This causes the surface of the ASI-NC to become deprotonated and, as a result, the negative charge of the used ASI-NC surface will be amplified. Therefore, the electrostatic attractive force between the MG dye, which has a positive charge and the adsorbent surface increases and consequently, the rate of dye adsorption increases, as well. As Figure 2 depicts, the pH of the solution increased from 3 to 10, the rate of removal also increased up to pH 6.5 then decrease. 
Effect of adsorbent dosage on the removal of MG dye
The adsorption of the MG dye on ASI-NC was studied by varying the adsorbent dose (25-125 mg/50 mL) for 50 mg/L of dye concentration. The percentage of adsorption increased with increases in the ASI-NC dose, which is attributed to increased carbon surface area and the availability of more adsorption sites. Hence, all studies were carried out with 0.025 g of adsorbent/50 mL of the varying adsorbate solutions 25, 50, 75, 100 and 125 mg/L. The results obtained from this study are shown in Figure 3 . The amount of MG dye adsorbed per gram reduced with increase in the dosage of ASI-NC. This reveals that the direct and equilibrium capacities of MG dye are functions of the activated ASI-NC dosage.
The effect of contact time on the removal of MG dye
Generally, diffusion of the adsorbate on the used adsorbent and ultimately the adsorption phenomena on the adsorbent are time consuming processes. The adsorption rate, obtained for MG adsorption on ASI-NC was observed by decrease of the concentration of MG within the adsorption medium with contact time. The time necessary to reach the equilibrium for the removal of the MG molecules at different concentrations (25-125 mg/L) by ASI-NC from aqueous solution was established to be about 60 minutes. As Figure 4 shows, at all the used concentrations, as the contact time between the adsorbent and the adsorbate increased, the adsorption rate increased, as well. According to Figure 4 , the highest rate of MG removal took place during the 15-30 minute interval. In the remaining concentrations, this reduction continued up to 45 minutes with a lower slope. From this time up to 60 minutes, the system was almost constant and did not have much adsorption. At 25 mg/L of MG, the removal rate varied from 32.6% to 92.3% of the maximum removal onto ASI-NC the values are shown in Table 1 . For instance, the adsorbents exhibited three stages, which can be attributed to each linear portion of the Figure 4 . The first linear portion was attributed to the diffusion process of MG to the adsorbent surfaces, hence, was the fastest sorption stage. This result is corroborated by the fractionary-order kinetic model. The second linear portion was attributed to intra-particle diffusion, which was a delayed process. The third stage may be regarded as the diffusion through smaller pores, which is followed by the establishment of the equilibrium. The surface of ASI-NC may contain a large number of active sites and the solute uptake can be related to the active sites on equilibrium time. The higher sorption rate at the initial period (first 60 minutes) may be due to an increased number of vacant sites available at the initial stage. As result there exists increased concentration gradient between adsorbate in solution and adsorbate in adsorbent surface. This increase in the concentration gradients tends to increase in MG sorption at the initial stages. 
The effect of initial concentration on MG removal efficiency
The effect of the initial concentration of MG dye on the adsorption efficiency of the ASI-NC was evaluated at different concentrations of 25, 50, 75, 100 and 125 mg/L. In the present study, with the increase of the initial concentration from 25 mg/L to 125 mg/L, the rate of dye removal was reduced from 83.84% to 69.29 % the values are shown in Table 1 . In addition, as the pollutant concentration increased in the aquatic environment, the number of available sites on the adsorbent surface decreased. In other words, with the decrease of the pollutant concentration in the aquatic environment, molecules of the adsorbate have more chance to react with the available active sites on ASI-NC and as a result, the adsorption rate is increased. Hence, one can claim that one method to increase the percentage of dye removal is dilution of wastewater.
Adsorption isotherms
It is important to determine the most appropriate correlation for equilibrium adsorption isotherm, to optimize the design of a sorption system. The Freundlich, Langmuir, Temkin, Hurkins-Jura, Halsay, Redlich-Peterson, Dubinin-Radushkevich, Jovanovich and BET isotherm models were used to analyses the adsorption equilibrium. Experimental isotherm data were obtained at an adsorption time of 60 min at different temperatures.
Freundlich adsorption isotherm
The Freundlich adsorption isotherm is based on the equilibrium sorption on heterogeneous surfaces. This isotherm is derived from the assumption that the adsorption sites are distributed exponentially with respect to heat of adsorption. The adsorption isotherm is expressed by the following equation (4) e F e n F (4) Where, q e is the amount of MG dye adsorbed at equilibrium (mg/g) and C e is the concentration of MG dye in the aqueous phase at equilibrium (ppm). K F (L/g) and 1/n F are the Freundlich constants related to adsorption capacity and sorption intensity, respectively.
The Freundlich constants K F and 1/n F were calculated from the slope and intercept of the lnq e vs. lnC e plot and the model parameters are shown in Table 2 . The magnitude of K F showed that ASI-NC had a high capacity for MG dye adsorption from the aqueous solutions studied. The Freundlich exponent, n F , should have values in the range of 1 and 10 (i.e., 1/n F < 1) to be considered as favourable adsorption 15 . A 1/n F value of less than 1 indicated that MG dye is favorably adsorbed by ASI-NC. The Freundlich isotherm did not show a good fit to the experimental data as indicated by SSE and Chi-square statistics. 
Langmuir adsorption isotherm
The Langmuir adsorption isotherm is based on the assumption that all sorption sites possess equal affinity to the adsorbate. The Langmuir isotherm in a linear form can be represented as 
Where q e is the amount of MG dye adsorbed at equilibrium (mg/g), C e is the concentration of MG in the aqueous phase at equilibrium (ppm), q m is the maximum MG dye uptake (mg/g) and K L is the Langmuir constant related to adsorption capacity and the energy of adsorption (g/mg).
A linear plot of C e /q e vs. C e was employed to determine the value of q m and K L and the data so obtained were also presented in Table 2 . The model predicted a maximum value that could not be reached in the experiments. The value of K L decreased with an increase in the temperature. A high K L value indicates a high adsorption affinity. Abdel wahab 17 expressed the Langmuir isotherm in term of dimensionless constant separation factor or equilibrium parameter (R L ) defined in the following equation:
Where, C 0 is the initial MG dye concentration (ppm). Four scenarios can be distinguished: The sorption isotherm is unfavorable when R L > 1, the isotherm is linear when R L = 1, the isotherm is favorable when 0 < R L < 1 and the isotherm is irreversible when R L = 0. The values of dimensionless separation factor (R L ) for MG dye removal were calculated at different concentrations and temperatures. As shown in Table 3 , at all concentrations and temperatures tested the values of R L for MG dye adsorptions on the ASI-NC were less than 1 and greater than zero, indicating favorable adsorption. The Langmuir isotherm showed a better fit to the adsorption data than the Freundlich isotherm. The fact that the Langmuir isotherm fits the experimental data well may be due to homogeneous distribution of active sites on the ASI-NC surface, since the Langmuir equation assumes that the adsorbent surface is energetically homogeneous.
Temkin adsorption isotherm
The Temkin adsorption isotherm assumes that the heat of adsorption decreases linearly with the sorption coverage due to adsorbent-adsorbate interactions 18 . The Temkin isotherm equation is given as:
T e bT Table 2 . The Temkin isotherm appears to provide a good fit to the MG dye adsorption data.
The adsorption energy in the Temkin model, b T , is positive for MG dye adsorption from the aqueous solution, which indicates that the adsorption is endothermic. The experimental equilibrium curve is close to that predicted by Temkin model. Consequently, the adsorption isotherm of MG dye on ASI-NC can be described reasonably well by the Temkin isotherm.
Hurkins-Jura adsorption isotherm
The Hurkins-Jura adsorption isotherm can be expressed as 19 . The isotherm equation accounts for multilayer adsorption and can be explained by the existence of a heterogeneous pore distribution. The Harkins-Jura isotherm parameters are obtained from the plots of of 1/q e 2 versus log C e enables the determination of model parameters A H and B H from the slope and intercept.
Halsay adsorption isotherm
The Halsay adsorption isotherm can be given as 20 . A plot of lnq e vs. lnC e , enables the determination of n Ha and K Ha from the slope and intercept. This equation is suitable for multilayer adsorption and the fitting of the experimental data to this equation attest to the heteroporous nature of adsorbent. The experimental data and the model predictions based on the non-linear form of the Halsay models. The model parameters are listed in Table 2 . This result also shows that the adsorption of MG dye on ASI-NC was not based on significant multilayer adsorption. The Halsay model is also not suitable to describe the adsorption of MG dye on ASI-NC, because this model also assumes a multilayer behavior for the adsorption of adsorbate onto adsorbent.
Radlich-Peterson adsorption isotherm
The Radlich-Peterson adsorption isotherm contains three parameters and incorporates the features of Langmuir and Freundlich isotherms into a single equation. The general isotherm equation can be described as follows 21 . A plot of ln C e /q e versus ln C e enables the determination of isotherm constants g and K R from the slope and intercept. The values of K R , presented in Table 2 , indicate that the adsorption capacity of the ASI-NC decreased with an increase temperature. Furthermore, the value of g lies between 0 and 1, indicating favorable adsorption.
Dubinin-Radushkevich adsorption isotherm
The Dubinin-Radushkevich adsorption isotherm is another isotherm equation 32 . It is assumed that the characteristic of the sorption curve is related to the porosity of the adsorbent. The linear form of the isotherm can be expressed as follows 22 ; 
Jovanovic adsorption isotherm
The model of an adsorption surface considered by Jovanovic is essentially the same as that considered by Langmuir Table 2 . By comparing the values of the error functions, it was found the Langmuir and Temkin models are best to fit the MG adsorption on the ASI-NC. Both models show a high degree of correlation. This is clearly confirming the good fit of Langmuir and Temkin models with the experimental data for removal of MG dye from the solution.
The Brunauer-Emmett-Teller (BET) isotherm model
Brunauer-Emmett-Teller (BET) 24 isotherm is a theoretical equation, most widely applied in the gas-solid equilibrium systems. It was developed to derive multilayer adsorption systems with relative concentration ranges from 25 
...(19) e (C -C )[1+(C -1)(C /C )] s e
BET e s (18) Where, CBET, Cs, q s and q e are the BET adsorption isotherm (L/mg), adsorbate monolayer saturation concentration (mg/L), theoretical isotherm saturation capacity (mg/g) and equilibrium adsorption capacity (mg/g), respectively. As C BET and C BET (C e /C s ) is much greater than 1, In the linear form as used is represented as:
Where, C e is equilibrium Concentration (mg/L), C s is adsorbate monolayer saturation concentration (mg/L) and C BET is BET adsorption relating to the energy of surface interaction (l/mg) the BET model.
Adsorption kinetics
The rate and mechanism of the adsorption process can be elucidated based on kinetic studies. Dye adsorption on solid surface may be explained by two distinct mechanisms: (1) An initial rapid binding of dye molecules on the adsorbent surface; (2) relatively slow intraparticle diffusion. To analyze the adsorption kinetics of the dye, the pseudo-first-order, the pseudo-second-order, and intra-particle diffusion models were applied 25 . Each of these models and their linear modes of them equations presented in below.
Model Nonlinear Form Linear Form Pseudo-first-order dq t /d t = k 1 (q e -q t ) ln (q e -q t ) = ln q e -k 1 t (20) Pseudo-second-order dq t /d t = k 2 (q e -q t ) 2 t/q t = 1/k 2 q e 2 + (1/q e )t (21) Where, q e and q t refer to the amount of (MG) dye adsorbed (mg/g) at equilibrium and at any time, t (min), respectively and k 1 (1/min), k 2 (g/mg.min) are the equilibrium rate constants of pseudo-first order and pseudo-second order models, respectively. Pseudo-first order model is a simple kinetic model, which was proposed by Lagergren 26 during 1898 and is used for estimation of the surface adsorption reaction rate. The values of ln (q e -q t ) were linearly correlated with t. The plot of ln(q e -q t ) vs. t gave linear relationship from which the values of k 1 were determined from the slope of the plot. In many cases, the first-order equation of Lagergren does not fit well with the entire range of contact time and is generally applicable over the initial stage of the adsorption processes 27 .
In the pseudo-second order model 28 , the slope and intercept of the t/q t vs. t plot were used to calculate the second-order rate constant, k 2 . The values of equilibrium rate constant (k 2 ) are presented in Table 5 . According to Table 5 , the value of γ (0.999) related to the pseudo-second order model revealed that (MG) dye adsorption followed this model, Nevertheless, pseudo-first order and pseudo-second order kinetic models cannot identify the mechanism of diffusion of dye into the adsorbent pores.
Simple Elovich model
The simple Elovich model is expressed in the form 29 , q t = α + β ln t (22) Where, q t is the amount adsorbed at time t, α and β are the constants obtained from the experiment. A plot of q t against ln t should give a linear relationship for the applicability of the simple Elovich kinetic. The Elovich kinetics of MG dye on to ASI-NC for various initial concentrations (25, 50, 75 , 100 and 125 mg/L) of volume 50 mL (each), adsorbent dose 0.025g, temperature 28 o C and pH 6.5.
Intra-Particle diffusion model
The adsorption process on a porous adsorbent is generally a multi-step process. In order to analyse the mechanism of the adsorption of MG dye by ASI-NC, the experimental data were tested against the intra-particle diffusion model. The adsorption mechanism of the adsorbate on to the adsorbent follows three consecutive steps: mass transfer across the external film of liquid surrounding the particle, adsorption at the surface of pores and the intra-particle diffusion. The slowest of these steps determines the overall rate of the process. The possibility of intra-particle diffusion resistance which could affect the adsorption is explored by using the intra-particle diffusion model given in the equation, q t = K t 1/2 + I (23) Where, K is the intra-particle diffusion rate constant and I is the intercept. A plot of q t against t 1/2 is drawn to analyse the possibility of intra-particle diffusion as the rate determining step. A two stage adsorption mechanism with first was rapid and second was slow has been observed from the experimental data. The plot of q t against t 1/2 is multi-linear and deviating from the origin, indicating more than one process has affected the adsorption 30 . Hence, the first portion of the plot indicates the external mass transfer and the second portion is due to intra-particle or pore diffusion.
Thermodynamic treatment of the sorption process
In order to study the feasibility of the adsorption process, the thermodynamic parameters such as free energy, enthalpy and entropy changes can be estimated from the following equations.
K c = C Ae /C e (24)
Where C e is the equilibrium concentration in solution in mg/L and C Ae is the equilibrium concentration on the sorbent in mg/L and K c is the equilibrium constant. The Gibbs free energy (∆G 0 ) for the adsorption of MG onto biomass at all temperatures was obtained from Eq.25 and are presented in Table 4 . The values of ∆H 0 and ∆S 0 were calculated from the slope and intercept of the plot log K c against 1/T and are also listed in Table 4 . In order to support that physical adsorption is the predominant mechanism, the values of activation energy (Ea) and sticking probability (S * ) were calculated from the experimental data. They were calculated using modified Arrhenius type equation related to surface coverage (θ) as follows 31 :
The sticking probability, S*, is a function of the adsorbate/adsorbent system under consideration but must satisfy the condition 0 < S*< 1 and is dependent on the temperature of the system. The values of Ea and S* can be calculated from slope and intercept of the plot of ln(1-θ) versus 1/T respectively and are listed in Table 4 .
From Table 4 it is clear that the reaction is spontaneous in nature as ∆G 0 values are negative at all the temperature studied. Again positive ∆H o value confirms that the sorption is endothermic in nature. The positive value of ∆S 0 reflects the affinities of the adsorbents for the (MG) dye. The value of Ea was found to be 9877 kJ mol -1 for the adsorption of MG dye onto biomass. The positive value of E a indicates the endothermic nature of the adsorption process which is in accordance with the positive values of ∆H 0 . The result as shown in Table  4 indicate that the probability of the (MG) dye to stick on surface of biomass is very high as S*<< 1, these values confirm that, the sorption process is physisorption 32 .
Error analysis
In the single-component isotherm studies, the optimization procedure requires an error function to be defined in order to be able to evaluate the fit of the isotherm to the experimental equilibrium data. However, the use of R 2 is limited for solving the linear forms of the isotherm equation, but not the errors in isotherm curves. In this study, a Chi-square test was used. The Chi-square test statistic is basically the sum of the squares of the differences between the experimental data and data obtained by calculation from models, with each squared difference divided by the corresponding data obtained by calculation from models 33 . The equivalent mathematical statement is: X 2 = Σ i =1 m (q e,exp -q e,calc ) 2 / q e,exp (29) Where, q e,exp is the experimental data of the equilibrium capacity (mg/g), q e , calc is the equilibrium capacity obtained by calculating from the model (mg/g). Therefore, it is necessary to analyze the data set using the Chi-square test to confirm the best-fit isotherm for the adsorption of (MG) on ASI-NC. Given the values of R 2 and χ 2 in Table 5 it can be concluded that the Freundlich isotherm model has the best goodness of fit among the applied isotherm models. 
Discussion
The present study investigated the efficiency of ASI-NC as a cheap adsorbent and the results revealed that ASI-NC was an appropriate adsorbent for removing MG from the aquatic environments. pH also plays a major role in removing the MG. The findings of the present study also showed that as the contact time increased, the dye's primary concentration as well as the dose of the intended adsorbate of the adsorption efficiency increased, as well. Adsorption equilibrium data follows Langmuir, Freundlich, Temkin and DubininRadushkevich isotherm models. The equilibrium data fitted very well in the Langmuir isotherm equation. The kinetic study of MG on to ASI-NC was performed based on pseudofirst-order, pseudo-second-order and intra-particle diffusion equations. The data indicate that the adsorption kinetics follow the pseudo-second-order rate. This study concludes that the ASI-NC could be employed as an appropriate, inexpensive, accessible and low-cost adsorbent for the removal of MG from aquatic environments.
